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(54) Positive-working photoresist composition 

(57) A novel positive-working photoresist composi- 
tion of the chemical sensitization type capable of giving 
a finely patterned resist layer having an excellent cross 
sectional profile even for a discretely isolated pattern 
with high sensitivity and high resolution 

comprises, besides (a) a compound generating 
an acid by the irradiation with actinic rays, (b) a resinous 
ingredient capable of being imparted with increased sol- 
ubility in an alkaline developer solution in the presence 
of an acid and (c) an organic solvent which is a ketone, 
ether or ester as the basic ingredients of the chemical 
sensitization type photoresist compositions, (d) an N,N- 
dialkyl carboxylic acid amide such as N,N-dimethyl for-v / 
mamide and N,N-dimethyl acetamide in a specified pro- 
portion relative to the component (b). 
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Description 



theacidgenerated by irradiation with actinic rays, 



The present invention relates to a novel positive- 
working photoresist composition or, more particularly, to 
> a chemical sensitization-type positive-working photore- 5 
sist composition in the form of a solution capable of giv- 
ing a finely discrete patterned resist layer having an 
excellent cross sectional profile with high sensitivity to 
actinic rays and high pattern resolution. 

As is known, the photolithographic patterning proc- 10 
ess utilizing a positive-working photoresist composition 
is widely practiced in the manufacture of various kinds 
of semiconductor devices such as ICs and LSIs. 
Photolithographic patterning work using a positive- 
working photoresist composition is performed by first 75 
forming a layer of the photoresist composition on the 
surface of a substrate such as a semiconductor silicon 
wafer and the photoresist layer is exposed to actinic 
rays such as ultraviolet light patternwise through a pho- 
tomask bearing a desired device pattern to form a latent 20 
image of the pattern, which is then developed by dis- 
solving away the resist layer in the ultraviolet-exposed 
areas with a developer solution leaving a patterned 
resist layer to serve as a protective resist in the subse- 
quent treatment of the substrate surface such as by 25 
etching. Positive-working photoresist compositions 
used in the above described photolithographic pattern- 
ing typically have a formulation comprising an alkali-sol- 
uble novolac resin as a film-forming agent and a 
quinone diazide group-containing compound as a pho- 30 
tosensitive ingredient uniformly dissolved in an organic 
solvent. 

Along with the trend in semiconductor technology 
toward a high degree of integration in semiconductor 
devices increasing year by year, the manufacturing 35 
process of VLSIs and the like requires an extremely 
high fineness of photolithographic patterning, some- 
times of the order of sub-micron or quarter-micron. 
This requirement for the high fineness of patterning to 
be achieved naturally depends on the performance of 40 
the photoresist composition and also on the effective 
wavelength of the actinic rays, e.g., ultraviolet light. 
For example, the wavelength range of ultraviolet light 
used in photolithographic patterning work is tending to 
decrease from the g-line and i-line to deep-ultraviolet 45 
light and excimer laser beams such as KrF laser beams 
are becoming an important light source in this technol- 
ogy. 

Chemical sensitization-type photoresist composi- 
tions as a class of photoresist compositions are now 50 
under active development because ultraviolet light of a 
shorter wavelength such as deep ultraviolet and exci- 
mer laser beams can be utilized for patternwise expo- 
sure than for the conventional photoresist compositions 
of the above mentioned type comprising a novolac resin 55 
and a quinone diazide group-containing compound so 
as to provide a possibility of obtaining high resolution 
and high sensitivity by virtue of the catalytic reaction 
and chain reaction of a quantum yield larger than 1 by 



Since the chemical sensitization-type photoresist 
composition has been developed with an object to com- 
ply with the requirement for extremely fine patterning of 
a width of 0.3 jim or even finer, attention has recently 
been directed to the cross sectional profile of discrete or 
isolated resist patterns. For example, it is sometimes 
the case that, when a patterned resist layer has a cross 
sectional profile standing on the substrate surface with 
a downwardly decreasing width toward the substrate 
surface, the patterned resist layer eventually collapses 
on the substrate surface. This phenomenon is a very 
serious problem to be solved when a chemical sensiti- 
zation-type photoresist composition is to be used for 
photolithographic patterning of extreme fineness. 

The present invention accordingly has an object, ih 
view of the above described situations, to provide a 
chemical sensitization-type positive-working photoresist 
composition in the form of a solution capable of giving 
an extremely fine discretely patterned resist layer hav- 
ing an excellent orthogonal cross sectional profile with 
high sensitivity and high resolution. 

Thus, the positive-working photoresist composition 
of the invention comprises, in the form of a uniform solu- 
tion: 

(a) a compound capable of generating an acid by 
irradiation with actinic rays; 

(b) a resinous compound capable of being imparted 
with an increased solubility in an aqueous alkaline 
solution in the presence of an acid; 

(c) an organic solvent selected from ketone com- 
pounds, ether compounds and ester compounds; 
and 

(d) an N.N-dialkyl carboxylic acid amide in an 
amount in the range from 0.1 to 5% by weight 
based on the amount of the component (b). 

As is described above, the essential ingredients in 
the positive-working photoresist composition of the 
invention are the components (a) to (d) defined above. 
The component (a) is a compound capable of releasing 
an acid by irradiation with actinic rays, referred to as the 
acid-generating agent hereinafter, which is not particu- 
larly limitative and can be selected from those com- 
pounds used in conventional chemical sensitization- 
type photoresist compositions including: 

i) bis(sulfonyl) diazomethane compounds such as 
bis(p-toluenesulfonyl) diazomethane, methylsulfo- 
nyl p-toluenesulfonyl diazomethane. cyclohexylsul- 
fonyl 1 , 1 -dimethylethylsuHonyl diazomethane, 
bis(1.1-dimethylethylsulfonyf) diazomethane, bis(1- 
methylethylsulfonyl) diazomethane. bis(cyclohexyl- 
sulfonyl) diazomethane. bis(2.4-dimethylphenylsul- 
fonyl) diazomethane, bis(4-ethylphenylsulfonyl) 
diazomethane, bis(3-methylpheny!suffonyl) dia- 
zomethane, bis(4-methoxyphenylsulfonyl) dia- 
zomethane, bis(4-fluorophenylsuKonyl) diazo- 
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methane. bis{4-ch!ofopheny!su!fony!) diazometh- 

ane. arid~bis(4-t^butylphe^ 

ane; 

ii) sulfonyl carbonyl alkane compounds such as 2- 
methyl-2-(p-toluenesurfonyl) propiophenone. 2- s 
cyclohexylcartx)nyl-2-{p-to!uenesulfonyl) propane, 
p-methy!thiophenyl (1 -methanesulfonyl-1 -methyl)- 
ethyl ketone, and 2,4-dimethyl-2-(p-toluenesulfo- 
nyl)pentan-3-one; 

iii) sulfonyl carbonyl diazomethane compounds 10 
such as p-toluenesulfonyl cyclohexylcarbonyl dia- 
zomethane, 1 -diazo-1 -methylsulfonyl-4-pheny1-2- 
butanone, cyclohexylcarbonyl cyclohexylsurfonyl 
diazomethane, 1 -cyclohexylsulfonyl-1 -diazo-3,3- 
dimethyl-2-butanone, 1<liazo-1-(1.1-dimethylethyl- 15 
sulfonyl)-3,3-dimethyl-2-butanone, 1 -acetyl-1-(1- 
methylethylsulfonyl) diazomethane, 1 -diazo-1 -(p- 
toluenesulfonyl)-3,3-dimethyl-2-butanone, 1 -benze- 
nesulfonyl-1 -diazo-3, 3 -di methyl -2-butanone, 1- 
diazo- 1 -(p-tdluenesulfonyl)-3-methyl-2-butanone, 20 
2-diazo-2-(p-toluenesurfonyl)cyclohexyl acetate. 2- 
benzenesurfonyl-2-diazo tert-butyl acetate, 2-diazo- 
2-methanesulfonyl isopropyl acetate, 2-benze- 
nesulfonyl-2-diazo cyclohexyl acetate, and 2-diazo- 
2-(p-toluenesulfonyt) tert-butyl acetate; 25 

iv) nitrobenzyl sulfonate compounds such as 2- 
nitrobenzyl p-toluenesulfonate. 2.6-dinitrobenzyl p- 
toluenesulfonate, and 2.4-dinitrobenzyl 4-trifluor- 
omethylbenzenesulfonate; and 

v) esters of a polyhydroxy compound and an 30 
aliphatic or aromatic sulfonic acid such as pyrogal- 

lol methanesulfonates, pyrogallol benzenesul- 
fonates, pyrogallol p-toluenenesulfonates. 
pyrogallol p-methoxybenzenesutfonates, pyrogallol 
mesitylenesulfonates, pyrogallol benzylsulfonates. 35 
esters of an alkyi gallate and methane sulfonic acid, 
esters of an alkyl gallate and benzene sulfonic acid, 
esters of an alkyl gallate and p-toluene sulfonic 
acid, esters of an alkyl gallate and 4-methoxyben- 
zene sulfonic acid, esters of an alkyl gallate and 40 
mesitylene sulfonic acids, and esters of an alkyi gal- 
late and benzylsutfonic acid. The alkyl group in the 
above mentioned alkyl gallates preferably has 15 or 
a smaller number of carbon atoms and octyl and 
lauryl groups are particularly preferred. Besides the 45 
above named five classes i) to v), onium salts such 
as bis(4-tert-butylphenyl) iodonium trifluorometh- 
ane sulfonate, and triphenylsulfonium trif luorometh- 
ane sulfonate can also be used as the component 
(a). Among the above named acid-generating so 
agents, bis(sulfonyl) diazomethane compounds are 
preferable, of which quite satisfactory results can 
be obtained with bis(cyclohexylsurfonyl) diazometh- 
ane or bis(2,4-dimethylphenylsulfonyl) diazometh- 
ane. These acid-generating agents can be used 55 
either singly or as a combination of two kinds or 
more according to need. 

The component (b) in the inventive photoresist 



composition is.aresinous compound .capable of being 
imparted~with~an increased"solubility-in-an-aqueous 
alkaline solution in the presence of an acid. Such a resin 
is known in the art of chemical sensitization-type pho- 
toresist compositions and any of those conventionally 
used in such compositions can be used here without 
particular limitations. Examples of suitable resinous 
compounds include poly(hydroxystyrene) resins of 
which at least a part of the hydroxy groups are substi- 
tuted by protective groups exemplified by a tert-butoxy- 
carbonyloxy group, tert-butyloxy group and tert- 
amyioxycarbonyloxy group as well as acetal groups 
such as alkoxyalkoxy groups, tetrahydropyranyloxy 
group and tetrahydrofuranyloxy group. 

The poly(hydroxystyrene) resin of which a part of 
the hydroxy groups are substituted by the above named 
protective groups can be obtained by the copolymeriza- 
tion of a hydroxystyrene and a substituted hydroxysty- 
rene or, alternatively, by introducing the protective 
groups into a poly(hydroxystyrene) by a polymer reac- 
tion. Various kinds of such substituted poly (hydroxysty- 
rene) resins are known including a copolymer of 4- 
hydroxystyrene and a tert-butoxycarbonyloxy styrene 
disclosed in Japanese Patent Kokai 2-209977, copoly- 
mer of 4-hydroxystyrene and 4-tetrahydropyranyloxy 
styrene disclosed in Japanese Patent Kokai 2-19847. 
copolymer of 4-hydroxystyrene and a tert-butoxy sty- 
rene disclosed in Japanese Patent Kokai 2-62544, a 
poly(hydroxystyrene) substituted by acetal groups for a 
part of the hydroxy groups disclosed in Japanese Patent 
Kokai 3-282550, and poly(hydroxystyrene) substituted 
by alkoxyalkoxy groups for a part of the hydroxy groups 
disclosed in Japanese Patent Kokai 5-249682. These 
partially substituted poly(hydroxystyrene) resins can be 
used either singly or as a combination of two kinds or 
more according to need. A preferable combination of 
the partially substituted poly(hydroxystyrene) resins is a 
combination of a first resin which is a poly(hydroxysty- 
rene) substituted for 1 0 to 60% of the hydroxy groups by 
tert-butoxycarbonyloxy groups and a second resin 
which is a poly(hydroxystyrene) substituted for 10 to 
60% of the hydroxy groups by the groups represented 
by the general formula 

-0-CR 1 R 2 (OR 3 ), (I) 

in which R 1 is a hydrogen atom or a methyl group. R 2 is 
a methyl or ethyl group and R 3 is a lower alkyl group 
having, for example, 1 to 4 carbon atoms. 

The above mentioned substituent group repre- 
sented by the general formula (I) is exemplified by 1- 
methoxyethoxy, 1 -ethoxyethoxy. 1 -n-propoxyethoxy, 1- 
isopropoxyethoxy, 1 -n-butoxyethoxy, 1-isobutoxyethoxy, 
1 -( 1 , 1 -dimethylethoxy)- 1 -methyl ethoxy. 1 -methoxy-1 - 
methylethoxy, 1 -ethoxy-1 -methylethoxy, 1 -methyl-1 -n- 
propoxy ethoxy, 1-isobutoxy-1 -methylethoxy, 1-methoxy- 
n-propoxy and 1-ethoxy-n-propoxy groups. Among the 
above named substituent groups, the 1 -ethoxyethoxy 
group and 1-methoxy-n-propoxy group are preferred in 
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respect of good balance between respectively 
increased sensitivity and resolution. When the compo- 
nent (b) is a combination of the above mentioned first 
and second poly(hydroxystyrene) resins, a preferable 
proportion of the first to the second is in the range from 
10:90 to 70:30 by weight or, more preferably, from 20:80 
to 50:50 by weight. When an acid is released from the 
component (a) by irradiation with actinic rays, the tert- 
butoxycarbonyloxy and ethoxyethoxy groups are 
decomposed by the activity of the acid to such an extent 
that a good balance is obtained between the solubility 
behavior of the resinous compound and the solubility- 
inhibiting power of the tert-butoxycarbonylaxy groups so 
as to accomplish high sensitivity, high resolution and 
high heat resistance of the composition. These advan- 
tages cannot be fully exhibited when the blending pro- 
portion of the two types of the resins is outside the 
above mentioned specific range. 

The above mentioned substituted poly(hydroxysty- 
rene) resin of the first type can be obtained by a known 
substitution reaction of tert-butoxycarbonyloxy groups 
for a part of the hydroxy groups in a poly(hydroxysty- 
rene) resin by using, for example, di-tert-butyl dicarbo- 
nate. 

The degree of substitution is in the range from 10 to 
60% or. preferably, from 20 to 50%. When the degree of 
substitution is too low, the photoresist composition for- 
mulated with such a resin as a part of the component (b) 
cannot give a patterned resist layer having an excellent 
orthogonal cross sectional profile while, when the 
degree of substitution is too high, a decrease is caused 
in the sensitivity of the photoresist composition formu- 
lated with such a resin as a part of the component (b). 

The above mentioned substituted poly(hydroxysty- 
rene) resin of the second type can be obtained by a 
known substitution reaction of the groups represented 
by the above given general formula (I) for a part of the 
hydroxy groups in a poly(hydroxystyrene) resin by 
using, for example, 1-chloro-l-ethoxy ethane, or 1- 
chloro-1 -methoxy propane. 

The degree of substitution is in the range from 10 to 
60% or, preferably, from 20 to 50%. When the degree of 
substitution is too low, the photoresist composition for- 
mulated with such a resin as a part of the component (b) 
cannot give a patterned resist layer having an excellent 
orthogonal cross sectional profile while, when the 
degree of substitution is too high, a decrease is caused 
in the sensitivity of the photoresist composition formu- 
lated with such a resin as a part of the component (b). 

It is preferable that the above described resinous 
ingredient as the component (b) has a weight-average 
molecular weight in the range from 3000 to 30000 as 
determined by the gel permeation chromatographic 
(GPC) method with reference to polystyrene resins hav- 
ing specified molecular weights. When the molecular 
weight of the resin is too low, the resist layer formed 
from the composition would have inferior film properties 
while, when the molecular weight is too high, a 
decrease is caused in the solubility behavior of the 



resist layer in an aqueous alkaline solution resulting \r. a 



problem in the development treatment. 

The component (c) is an organic solvent which 
serves to dissolve the other ingredients of the composi- 

5 tion to give a uniform solution. The solvent is selected 
from ketone compounds, ether compounds and ester 
compounds including acetone, methyl ethyl ketone, 
cyclohexanone, methyl isoamyl ketone and 2-hep- 
tanone as examples of the ketone compounds, monoa- 

10 cetate monoalkyl, e.g., monomethyl, monoethyl, 
monopropyl, monobutyl and monophenyl, ethers of a 
polyhydric alcohol such as ethyleneglycol. diethyleneg- 
lycol, propyleneglycol and dipropyleneglycol and mono- 
or dimethyl ether, mono- or diethyl ether, mono- or 

is dipropyl ether and mono- or dibutyl ether and monoor 
diphenyi ether of the above named polyhydric alcohols 
as well as dtoxane as examples of the ether compounds 
and methyl lactate, ethyl lactate, methyl acetate, ethyl 
acetate, butyl acetate, methyl pyruvate, ethyl pyruvate, 

20 methyl methoxypropionate and ethyl ethoxypropionate 
as examples of the ester compounds. These organic 
solvents can be used either singly or as a mixture of two 
kinds or more according to need. The amount of the 
organic solvent as the component (c) in the inventive 

25 photoresist composition is. though not particularly limi- 
tative, in the range from 3 to 10 times by weight of the 
total amount of the components (a) and (b). 

The amount of the acid-generating agent as the 
component (a) relative to the component (b) is in the 

30 range from 1 to 20 parts by weight or, preferably, from 2 
to 10 parts by weight per 100 parts by weight of the 
component (b). When the amount of the component (a) 
is too small, the chemical sensitizing effect desired for 
this ingredient is insufficient to give a photoresist com- 

35 position having high sensitivity whii- when the amount 
of the component (a) is too large, a problem is caused in 
respect of the compatibility of the component (a) with 
the other ingredients so as not to give a uniform solu- 
tion. 

40 While the above described components (a), (b) and 
(c) are rather conventional at least in the generic sense, 
the most characteristic feature of the inventive photore- 
sist composition consists in the formulation of a very 
unique ingredient which is an N,N-dialkyl carboxylic 

45 acid amide as the component (d). This compound is 
preferably an N.N-dialkyl amide, each alky I group hav- 
ing 1 to 4 carbon atoms, of a lower carboxylic acid hav- 
ing 1 to 4 carbon atoms in the molecule in respect of the 
effect on the improvement of the cross sectional profile 

so of the discretely patterned resist layer. In particular, 
N.N-di methyl formamide and N,N-di methyl acetamide 
are preferred as the component (d) though not particu- 
larly limitative thereto. These N.N-dialkyI carboxylic acid 
amides can be used either singly or as a combination of 

55 two kinds or more according to need. The amount of the 
component (d) in the inventive photoresist composition 
is in the range from 0.1 to 5% by weight or, preferably, 
from 0.5 to 3% by weight based on the amount of the 
component (b) from the standpoint of obtaining a good 
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balance between the sensitivity of the composition and 



"the cross sectional prdile^f"ttT^isoetely~patterned 
resist layer. When the amount thereof is too small, the 
effect of improvement would be insufficient on the cross 
sectional profile of a discretely patterned resist layer 5 
while, when the amount thereof is too large, the sensi- 
tivity of the photoresist composition is rather decreased 
without additional advantages by increasing the amount 
to exceed the above mentioned upper limit. 

It is of course optional that the inventive photoresist 10 
composition comprising the above described essential 
components (a) to (d) is further admixed with various 
kinds of known additives including auxiliary resins, plas- 
ticizers and stabilizers to improve the film properties of 
the resist layer, coloring agents, and surface active is 
agents conventionally used in photoresist compositions 
each in a limited amount. 

The procedure for the photolithographic patterning 
operation using the above described photoresist com- 
position of the invention is not particularly different from 20 
that using a conventional positive-working photoresist 
composition. For example, the inventive photoresist 
composition in the form of a coating solution prepared 
from the above described essential and optional ingre- 
dients is uniformly applied to the surface of a substrate 25 
such as a semiconductor silicon wafer by using a suita- 
ble coating machine such as a spinner followed by dry- 
ing to give a photoresist layer on the substrate surface, 
which is then exposed patternwise to actinic rays such 
as deep ultraviolet light or excimer laser beams on a 30 
minifying projection exposure machine through a pat- 
tern-bearing photomask to give a latent image of the 
pattern followed by a development treatment in an 
aqueous alkaline solution such as a 1 to 1 0% by weight 
aqueous solution of tetramethylammonium hydroxide 35 
leaving the resist layer in the unexposed areas to give a 
patterned resist layer having fidelity to the mask pattern. 

In the following, the positive-working photoresist 
composition of the invention is described in more detail 
by way of examples, which, however, do not limit the 40 
scope of the invention in any way. In the following 
description, the term of "parts" always refers to "parts by 
weight". 

Example 1 . 45 

A positive-working photoresist composition in the 
form of a solution was prepared by uniformly dissolving, 
in 490 parts of propyl en eglycol monomethyl ether ace- 
tate, 100 parts of a 3:7 by weight mixture of a first so 
poly(hydroxystyrene) resin substituted by tert-butyloxy- 
carbonyloxy groups for 39% of the hydroxy groups and 
having a weight-average molecular weight of 10000 and 
a second poly(hydroxystyrene) resin substituted by 
ethoxyethoxy groupsjor5§%of the hydroxy groups and ss 
having a weipbt^average molecuta«^weight of 10000, 7 
parts of bt^yclohexylsulfonyl) diazbmethane and 2 
parts of/N,N-dimethyl acetamide followed by filtration 
through membrane filter of 0.2 jim pore diameter. 



Thethus prepared photoresistsolutionwas.applied 
"to~the surfaWof"anse~miconductor"silico^ 
spinner followed by drying at 90 °C for 90 seconds to 
give a resist layer having a thickness of 0.7 \im as dried. 
The photoresist layer was exposed patternwise to ultra- 
violet light on a minifying projection exposure machine 
(Model NSR-2005EX8A, manufactured by Nikon Co.) to 
give an exposure dose stepwise increased by 1 mJ/cm 2 
increments followed by a post-exposure baking treat- 
ment by heating at 110 °C for 90 seconds and a devel- 
opment treatment for 65 seconds at 23 °C in a 2.38% by 
weight aqueous solution of tetramethylammonium 
hydroxide, rinse treatment in running water for 30 sec- 
onds and drying to give a discretely patterned resist 
layer of line width of 0.25 \xm having an excellent 
orthogonal cross sectional profile as examined with a 
scanning electron microscope. The photosensitivity of 
the composition determined by the above described 
exposure test was 38 mJ/cm 2 . 

Example 2. 

The experimental procedure was substantially the 
same as in Example 1 except for a decrease in the 
amount of N,N-di methyl acetamide from 2 parts to 1 
part. The orthogonality of the cross sectional profile of 
the thus obtained discretely patterned resist layer was 
as satisfactory as in Example 1. The photosensitivity of 
the composition was also about the same as that in 
Example 1. 

Example 3. 

The experimental procedure was substantially the 
same as in Example 1 except for replacement of the 
N,N-dimethyl acetamide with the same amount of N,N- 
dimethyl fbrmarrdde. The orthogonality of the cross sec- 
tional profile of the thus obtained discretely patterned 
resist layer was as satisfactory as in Example 1. The 
photosensitivity of the composition was also about the 
same as that in Example 1 . 

Example 4. 

The experimental procedure was substantially the 
same as in Example 3 except for an increase of the 
amount of N,N-dimethyl formamide from 2 parts to 3 
parts. The orthogonality of the cross sectional profile of 
the thus obtained discretely patterned resist layer was 
as satisfactory as in Example 1. The photosensitivity of 
the composition was also about the same as that in 
Example 1. 

Example 5- 

The experimental procedure was substantially the 
same as in Example 1 except for replacement of the 
propyleneglycol monomethyl ether acetate with the 
same amount of 2-heptanone. The orthogonality of the 
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cross-sectional-profile was quite-safe 



^tely^tterr^T^ist la^rTaving a widthof 072511m: 
The photosensitivity of the photoresist composition was 
40 mj/cm 2 . 

5 4. 

Example 6. 

The experimental procedure was substantially the 
same as in Example 1 except for replacement of the 
propyleneglycol monomethy! ether acetate with the io 5. 
same amount of diethyieneglycol dimethyl ether. The 
orthogonality of the cross sectional profile was quite 
satisfactory in a discretely patterned resist layer having 
a width of 0.25 jim. The photosensitivity of the photore- 
sist composition was 39 mJ/cm 2 . is 



Comparative Example. 

The experimental procedure was substantially the 
same as in Example 1 except for omission of the N,N- 20 
dimethyl acetamide in the formulation of the photoresist 
solution. 

Examination of the cross sectional profile of the pat- 
terned resist layer indicated that the discretely pat- 
terned resist layer had collapsed and lay on the 25 
substrate surface. 

Claims 

1- A positive-working photoresist composition which 30 
comprises, in the form of a uniform solution: 

(a) a compound capable of generating an acid 
by irradiation with actinic rays; 

(b) a resinous compound capable of being 35 
imparled with , an increased solubility in an 
aqueous alkaline solution in the presence of an 
acid; 

(c) an organic solvent selected from ketone 
compounds, ether compounds and ester com- 40 
pounds; and 

(d) an N.N-dialkyl carboxylic acid amide, of 
which the carboxylic acid has 1 to 4 carbon 
atoms in a molecule and each of the N-substi- 
tuting alkyl groups has 1 to 4 carbon atoms, in 45 
an amount in the range from 0.1 to 5% by 
weight based on the amount of the component 

(b). 

2. The positive-working photoresist composition as so 
claimed in claim 1 in which the N.N-dialkyl carboxy- 
lic acid amide as the component (d) is N,N-dimethyl 
formamide or N,N<Jimethyl acetamide. 

3. The positive-working photoresist composition as ss 
claimed in claim 1 in which the component (a) is 
selected from bis(suKonyl) diazomethane com- 
pounds, sulfonylcarbonyl alkane compounds, sulfo- 
nylcarbonyl diazomethane compounds, nitrobenzyl 



-sulfonate compounds, esters of a polyhydroxy com- 
pound and an aliphatic or aromatic^urfoni^acid" 
and onium salts. 

The positive-working photoresist composition as 
claimed in claim 3 in which the component (a) is 
bis(cyclohexylsulfonyl) diazomethane or bis(2,4- 
dimethylphenylsulfonyl) diazomethane. 

The positive-working photoresist composition as 
claimed in claim 1 in which the component (b) is a 
poly(hydroxystyrene) resin substituted for at least a 
part of the hydroxy groups by protective groups 
selected from tert-butoxycarbonyloxy group, tert- 
butyloxy group, tert-amyloxycarbonyloxy group and 
acetal groups. 



6. The positive-working photoresist composition as 
claimed in claim 5 in which the poly(hydroxysty- 
rene) resin is substituted for from 1 0% to 60% of the 
hydroxy groups by the protective groups. 

7. The positive-working photoresist composition as 
claimed in claim 6 in which the component (b) is a 
combination of a first poly(hydroxystyrene) resin 
substituted for from 10% to 60% of the hydroxy 
groups by tert-butoxycarbonyloxy groups and a 
second poly(hydroxystyrene) resin substituted for 
from 10% to 60% of the hydroxy groups by the 
groups represented by the general formula 

-0-CR 1 R 2 (OR 3 ), 

in which R 1 is a hydrogen atom or a methyl group, 
R 2 is a methyl group or ethyl group and R 3 is a 
lower alkyl group having 1 to 4 carbon atoms, in a 
weight proportion in the range from 10:90 to 70:30. 

8. The positive-working photoresist composition as 
claimed in claim 5 in which the poly(hydroxysty- 
rene) resin has a weight-average molecular weight 
in the range from 3000 to 30000. 

9. The positive-working photoresist composition as 
claimed in claim 1 in which the amount of the com- 
ponent (a) is in the range from 1 to 20 parts by 
weight per 100 parts by weight of the component 

(b). 

10. The positive-working photoresist composition as 
claimed in claim 1 in which the amount of the com- 
ponent (d) is in the range from 6.5 to 3% by weight 
based on the amount of the component (b). 

11. Semiconductor devices whenever manufactured 
using a photolithographic patterning process in 
which a positive-working photoresist composition 
as claimed in any one of the preceding claims has 
been employed. 
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